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Analysis of Hydrogen in Cathodically Polarized Stainless Steels  
Hideki HAGI, Hiroyuki KURAMOTO, Yuuki KURATA and Toshihiro YANAGAWA 
As a fundamental study to prevent an accident by the hydrogen embrittlement of stainless steels, we have 
analyzed hydrogen in the cathodically polarized specimens of SUS301, 302, 304, 316, 321, 347, 430 stainless 
steels, high purity iron, and pure nickel by using the melting extraction method and the thermal desorption 
spectroscopy. The value of hydrogen concentration measured by the melting extraction method was larger 
than that measured by the thermal desorption spectroscopy. And, the most of hydrogen dissolved in these 
specimens were discharged around room temperature. These results indicate that it is necessary to always 
consider enough characteristics of the methods such as an experimental procedure. Hydrogen atoms in the 
austenitic stainless steels were suggested to interact with Ni atoms of an alloy element.
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߆ߣߎࠆ޿ߡߞߥߣ㗴໧߽ߦ⊛ᬺᎿޔࠅߥߦ⪺㗼ߤ߶ᢱ᧚ߩᐲᒝ㜞ߪᕈ⣀⚛᳓ࠆߌ߅ߦᢱ᧚㍑㋕
ߪ㍑ࠬ࡟ࡦ࠹ࠬޔߚ߹ޕ)6(ࠆ޿ߡࠇࠊⴕ߇ⓥ⎇ߩߊᄙߦ․ߡ޿߅ߦ㍑ജᒛ㜞ߪേ᜼ൻ⣀⚛᳓ޔࠄ
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࡟ࡦ࠹ࠬ⒳ฦߩ 034ޔ743ޔ123ޔ613ޔ403ޔ203ޔ103SUS ߩ⽼Ꮢࠄ߆␠ࠦ࡜࠾ޔߪߢ㛎ታᧄ
✢㨄శⰯࠍ᧚᧼㍑ࠬ࡟ࡦ࠹ࠬࠄࠇߘޕߚߒᚻ౉ࠍ᧚᧼ߩ㘃⒳㧥ߩ࡞ࠤ࠶࠾⚐ޔ㋕ᐲ⚐㜞ޔߣ㍑ࠬ
ᒻߥᒰㆡޔߒᑧ࿶㑆಄ߦ mm1.0 ෘ᧼ࠍ᧚᧼ࠄࠇߘޕߔ␜ߦ㧝⴫ࠍᨐ⚿ߚߒᨆಽᚑ⚵ߢ⟎ⵝᨆಽ
ޕߚߒଏߦ㛎ታޔߡߒ಄Ἱޔߒᾲട sk6.3 ߢ͠0001 ߡ޿߅ߦਛⓨ⌀ޔᓟߚߒᢿಾߦ⁁
ᚑ⚵ቇൻߩᢱ⹜㍑ࠬ࡟ࡦ࠹ࠬߚ޿↪ߢ㛎ታᧄ 㧝⴫
 iT bN oM iN eF nM rC S P iS nemiceps
 -- -- -- 79.6 49.37 86.0 36.71 60.0 40.0 86.0 103SUS
 -- -- -- 73.8 65.17 16.0 36.81 50.0 30.0 47.0 203SUS
 -- -- -- 90.8 61.27 67.0 35.81 70.0 40.0 63.0 403SUS
 -- -- 96.2 56.31 72.56 00.1 70.71 30.0 10.0 92.0 613SUS
 46.0 20.0 -- 26.9 53.96 12.2 54.71 01.0 50.0 75.0 123SUS
 -- -- -- 96.9 06.96 49.1 70.81 00.0 00.0 07.0 743SUS
 -- -- -- 00.0 38.18 75.0 78.61 00.0 00.0 85.0 034SUS
౉ዉߩ⚛᳓ߩ߳ᢱ⹜ 㧞㧚㧞
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㊄ዻ᧚ᢱߩ᳓⚛ಽᨆᴺߦߪޔ㜞᷷ṁ⸃᳓⚛᛽಴ᴺ(11)-(13)ޔ᣹᷷⣕㔌ᴺ(9)-(11)ޔࠣ࡝࠮࡝ࡦ⟎឵ᴺ
㧔᳓㌁⟎឵ᴺ㧕ޔ㊀㊂ᴺޔ㔚᳇ᛶ᛫ᴺޔ㔚᳇ൻቇ⊛᡼಴ᴺߥߤᢙᄙߊ޽ࠆ (11)߇ޔᧄታ㛎ߢߪޔ㜞
᷷ṁ⸃᳓⚛᛽಴ 㧔ᴺMelting Extraction Methodޔએᓟ MEM㧕ߣ᣹᷷⣕㔌 㧔ᴺThermal Desorption 
Spectroscopyޔએᓟ TDS㧕ࠍ૬↪ߒߡ᳓⚛ಽᨆߒߚޕ㜞᷷ṁ⸃᳓⚛᛽಴ᴺߦࠃࠆ᳓⚛ಽᨆߦߪ
ၳ႐⵾૞ᚲ⵾᳓⚛ಽᨆⵝ⟎ EMGA-621W ࠍޔ᣹᷷⣕㔌ᴺߦࠃࠆ᳓⚛ಽᨆߦߪޔ⿒ᄖ✢ടᾲἹޔ
⌀ⓨឃ᳇ⵝ⟎ޔ⾰㊂ಽᨆဳ⌀ⓨ⸘߆ࠄ᭴ᚑߐࠇࠆ⥄૞ߩ᣹᷷⣕㔌ဳ᳓⚛ಽᨆⵝ⟎ࠍ↪޿ߚޕ
᣹᷷⣕㔌᳓⚛ಽᨆߢߪޔ⹜ᢱࠍ৻ቯߩ᣹᷷ㅦᐲߢടᾲߒޔ᳓⚛᡼಴ㅦᐲ㧔න૏ᤨ㑆ᒰߚࠅߦ⹜
ᢱ߆ࠄ᡼಴ߐࠇࠆ᳓⚛ߩ㊂㧕ߣ⹜ᢱ᷷ᐲߩ㑐ଥࠍ᷹ቯߒߚޕ᳓⚛ዉ౉ߩߚ߼ߩࠞ࠰࡯࠼ಽᭂ㔚ᵹ
ࠍㆤᢿߒߚᓟޔߢ߈ࠆߛߌᚻᣧߊ⹜ᢱࠍ⿒ᄖ✢ടᾲἹߦ౉ࠇޔἹౝࠍឃ᳇ߒߚޕἹౝߩ࿶ജ߇߶
߷৻ቯߦߥߞߚᓟޔ৻ቯߩ᣹᷷ㅦᐲ㧔0.65͠/s㧕ߦߥࠆࠃ߁ߦߒߡቶ᷷߆ࠄ 1000͠߹ߢ⹜ᢱࠍട
ᾲߒߡޔ⹜ᢱ߆ࠄ᡼಴ߐࠇࠆ᳓⚛ࠍ⾰㊂ಽᨆဳ⌀ⓨ⸘ߢᬌ಴ߒߚޕᬌ಴ߔࠆ᳇૕ߩ⾰㊂ࠍ 2 ߦ࿕
ቯߒߡޔ᳓⚛ࠟࠬ㧔H2ޔ⾰㊂ 2㧕ߩߺࠍᬌ಴ߢ߈ࠆࠃ߁ߦߒߚޕߒ߆ߒޔᧄታ㛎ߢ↪޿ߚ⾰㊂ಽ
ᨆဳ⌀ⓨ⸘ߢߪ᳓⚛ࠟࠬߩಽ࿶ࠍ⋥ធ᳞߼ࠆߎߣߪߢ߈ߥ޿ߩߢޔߘࠇߣ߶߷Ყ଀ߔࠆࠗࠝࡦ㔚
ᵹ୯ߦᲧ଀ߔࠆ಴ജࠍᤨ㑆ᒰߚࠅߩ᡼಴᳓⚛ේሶᢙߦ឵▚ߒߚޕߎߩࠃ߁ߦߒߡ᷹ቯߒߚන૏ᤨ
㑆ᒰߚࠅߩ᡼಴᳓⚛ߩේሶᢙߣ⹜ᢱ᷷ᐲߩ㑐ଥࠍޔ᣹᷷⣕㔌ࠬࡍࠢ࠻࡞ߣ๭߱ߎߣߦߔࠆޕ࿕ṁ
⁁ᘒߩ⇣ߥࠆ޿ߊߟ߆ߩ᳓⚛߇ሽ࿷ߔࠆ႐วߦߪ᣹᷷⣕㔌ࠬࡍࠢ࠻࡞ߦ޿ߊߟ߆ߩ᳓⚛᡼಴ࡇ࡯
ࠢ߇⃻ࠇޔߘࠇࠄߩࡇ࡯ࠢ㕙Ⓧߣ⹜ᢱ⾰㊂߆ࠄޔ࿕ṁ⁁ᘒߩ⇣ߥࠆ᳓⚛ࠍಽߌߡߘࠇߙࠇߩỚᐲ
߇▚಴ߢ߈ࠆޕ
㧟㧚ታ㛎⚿ᨐ߅ࠃ߮⠨ኤ
㧟㧚㧝 㜞᷷ṁ⸃᳓⚛᛽಴ᴺߦࠃࠆ᳓⚛ಽᨆ
ࠞ࠰࡯࠼ಽᭂߒߡ޿ߥ޿ฦ⒳ࠬ࠹ࡦ࡟ࠬ㍑ޔ㜞⚐ᐲ㋕ޔ⚐࠾࠶ࠤ࡞ߩ⹜ᢱࠍ㜞᷷ṁ⸃᳓⚛᛽಴
ᴺߦࠃߞߡ᳓⚛ಽᨆߒߚޕߎࠇࠄ⹜ᢱߢߩ᳓⚛Ớᐲࠍ࿑㧝(a)ߦ␜ߔޕߎߩታ㛎⚿ᨐ߆ࠄߔࠇ߫ޔ
ࠞ࠰࡯࠼ಽᭂߒߡ޿ߥ޿႐วߢ߽ޔߎࠇࠄߩ⹜ᢱߦߪ 13㨪40mass-ppm ߣᲧセ⊛㜞Ớᐲߩ᳓⚛߇
฽߹ࠇߡ޿ࠆߎߣߦߥࠆޕ߹ߚޔ㧥⒳㘃ߩ⹜ᢱߦ߅ߌࠆ᳓⚛Ớᐲߩ⋧㆑ߪᲧセ⊛ዊߐ޿ߣ⸒߃ࠆޕ
ߎߩࠃ߁ߥ⹜ᢱࠍ 3.6ks ࠞ࠰࡯࠼ಽᭂߒޔಽᭂ㔚ᵹㆤᢿᓟߢ߈ࠆߛߌᚻᣧߊ㜞᷷ṁ⸃᳓⚛᛽಴
ᴺߢ᳓⚛ಽᨆߒߚޕ࿑㧝ߦ␜ߔࠃ߁ߦޔ㧥⒳㘃ߩ⹜ᢱߣ߽ߦޔಽᭂߦ઻ߞߡ᳓⚛Ớᐲ߇Ⴧടߒߡ
߅ࠅޔಽᭂߦࠃߞߡ᳓⚛ߩଚ౉߇⿠ߎࠆߎߣ߇ಽ߆ࠆޕ߹ߚޔಽᭂߒߚ⹜ᢱߩ᳓⚛Ớᐲߪ⚐࠾࠶
ࠤ࡞⹜ᢱߦ߅޿ߡᭂ߼ߡᄢ߈ߊޔว㊄ర⚛ߣߒߡ Ni ࠍᄙߊ฽߻ SUS316 ࠬ࠹ࡦ࡟ࠬ㍑⹜ᢱߦ߅
޿ߡᄢ߈޿ޕߟ߹ࠅޔಽᭂߒߚ⹜ᢱߩ᳓⚛Ớᐲߪ⹜ᢱਛߩ NiỚᐲߣ㑐ଥߔࠆࠃ߁ߦ⷗߃ࠆޕ
ߘߎߢޔಽᭂᓟߩ⹜ᢱߩ᳓⚛Ớᐲߣ⹜ᢱߩว㊄⚵ᚑߣߩ㑐ଥࠍ⺞ߴߚޕ᳓⚛Ớᐲߣ⹜ᢱਛߩ Cr
Ớᐲߣߩ㑐ଥࠍ࿑㧞(a)ߦ␜ߔޕߥ߅ޔ㜞⚐ᐲ㋕⹜ᢱߪ 100%Feޔ⚐࠾࠶ࠤ࡞⹜ᢱߪ 100%Ni ߣߒ
ߚޕᧄ⎇ⓥߢߪޔ⚂ 18%ߩ CrỚᐲߩࠬ࠹ࡦ࡟ࠬ㍑ࠍᄙߊ⹜ᢱߣߒߡ↪޿ߡ߅ࠅޔCr Ớᐲ߇ᄢ߈
ߊ⇣ߥࠆ⹜ᢱߢߩ᳓⚛Ớᐲߩ᷹ቯ୯߇ߥߊޔ᳓⚛Ớᐲߩ CrỚᐲଐሽᕈࠍ⹦⚦ߦ⼏⺰ߔࠆߎߣߪߢ
߈ߥ޿߇ޔߘߩ 18%Cr Ớᐲߢߩ᳓⚛Ớᐲߪ߶߷৻⥌ߒߡ޿ࠆޕߎߩὐߢߪޔ᳓⚛Ớᐲߪ CrỚᐲ
ߣ㑐ㅪߔࠆน⢻ᕈ߇޽ࠆޕ
 ᳓⚛Ớᐲߣ⹜ᢱਛߩ Ni Ớᐲߣߩ㑐ଥࠍޔ࿑㧞(b)ߦ␜ߔޕNi Ớᐲ߇ᄢ߈޿߶ߤ᳓⚛Ớᐲ߇ᄢ߈
カソード分極したステンレス鋼での水素分析
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ߊߥࠆ௑ะ߇⹺߼ࠄࠇࠆޕߎߩߎߣ߆ࠄߔࠇ߫ޔࠬ࠹ࡦ࡟ࠬ㍑ߦ߅ߌࠆ᳓⚛Ớᐲߪ Ni ว㊄Ớᐲ
ߩᓇ㗀ࠍᒝߊฃߌޔNi ว㊄Ớᐲ߇ᄢ߈ߥࠬ࠹ࡦ࡟ࠬ㍑߶ߤ᳓⚛ଚ౉߇ኈᤃߢ޽ࠆߎߣߦߥࠆޕ
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࠼ಽᭂ೨ߣಽᭂᓟߦ㜞᷷ṁ⸃᳓⚛᛽಴ᴺߦࠃߞߡ᷹ቯߐࠇߚ᳓⚛Ớᐲ
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࿑㧞 ࠞ࠰࡯࠼ಽᭂߒߚฦ⒳ࠬ࠹ࡦ࡟ࠬ㍑ޔ㜞⚐ᐲ㋕ޔ⚐࠾࠶ࠤ࡞⹜ᢱߦ߅޿ߡޔ
㜞᷷ṁ⸃᳓⚛᛽಴ᴺ㧔MEM㧕ߣ᣹᷷⣕㔌ᴺ㧔TDS㧕ߦࠃߞߡ᷹ቯߐࠇߚ᳓⚛Ớᐲ
ߣߘࠇࠄ⹜ᢱਛߩ Cr Ớᐲ(a)ޔNiỚᐲ(b)ߣߩ㑐ଥ
㧟㧚㧞 ᣹᷷⣕㔌ᴺߦࠃࠆ᳓⚛ಽᨆ
ࠞ࠰࡯࠼ಽᭂߒߡ޿ߥ޿ฦ⒳ߩࠬ࠹ࡦ࡟ࠬ㍑ޔ㜞⚐ᐲ㋕ޔ⚐࠾࠶ࠤ࡞ߩ⹜ᢱߦߟ޿ߡޔ᣹᷷⣕
㔌ᴺߦࠃߞߡ᳓⚛ಽᨆߒߚޕߎࠇࠄ⹜ᢱࠍቶ᷷߆ࠄ 1000͠߹ߢടᾲߒߡ᷹ቯߐࠇߚ᳓⚛ߩ᣹᷷⣕
㔌ࠬࡍࠢ࠻࡞ߦߪ᳓⚛᡼಴ࡇ࡯ࠢߪ⹺߼ࠄࠇߕޔ᣹᷷⣕㔌ᴺߦࠃࠆ᳓⚛ಽᨆߢߪ᳓⚛Ớᐲߪ 0 ߣ
ߥߞߚޕߘࠇࠄ⹜ᢱߪ 1000͠ߢ⌀ⓨ὾㊰ߒߡ߅ࠅޔ1000͠߹ߢടᾲߒߡ߽⹜ᢱ߆ࠄ᡼಴ߐࠇࠆ
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ޕࠆ߈ߢ⹺⏕߇ᕈല᦭ߩᨆಽ⚛᳓ࠆࠃߦᴺ㔌⣕᷷᣹ޔߒᔕኻߣߣߎߚߞ߆ߥ߈ߢ಴ᬌ߇⚛᳓
಴᛽⚛᳓⸃ṁ᷷㜞ߩㅀ೨ޔߪ㧕mpp-ssam0㧔୯ቯ᷹ߩᐲỚ⚛᳓ࠆࠃߦᴺ㔌⣕᷷᣹ࠄ߇ߥߒ߆ߒ
ᨆಽ⚛᳓ࠆࠃߦᴺ಴᛽⚛᳓⸃ṁ᷷㜞ޕࠆߥ⇣ߣ㧕mpp-ssam04㨪31㧔୯ቯ᷹ߩᐲỚ⚛᳓ࠆࠃߦᴺ
ዉવᾲࠍ⚛᳓ࠆࠇߐ಴᡼ࠄ߆ᢱ⹜ޔߡߒᾲടࠍᢱ⹜ߦ͠0002 ⚂ޔߪߢ⟎ⵝߚ޿↪ߢⓥ⎇ᧄߦ㓙ߩ
⚛᳓ࠆࠃߦᴺ㔌⣕᷷᣹ޔߦ߽ߣߣࠆ޽ߢ͠0001 ߇ᐲ᷷ℂಣᾲޕࠆߔ಴ᬌߢࡈ࡜ࠣ࠻ࡑࡠࠢࠬࠟဳ
୯ቯ᷹ߩᐲỚ⚛᳓ߥ߈ᄢ߇ᣇߩᴺ಴᛽⚛᳓⸃ṁ᷷㜞ޔߢߩࠆ޽ߢߢ߹͠0001 ߇ᐲ᷷ᾲടߪߢᨆಽ
ޕࠆࠇࠄ߃⠨߇ߣߎࠆߔ࿷ሽ߇⚛᳓ࠆࠇߐ಴᡼ࠄ߆ᢱ⹜ߢ͠0002㨪0001ޔߡߒߣ࿃ේࠆߥߦ
ࠄ߆ജ಴ߩࡈ࡜ࠣ࠻ࡑࡠࠢࠬࠟޔߪߢ⟎ⵝᨆಽ⚛᳓ဳ಴᛽⚛᳓⸃ṁ᷷㜞ߚ޿↪ߢⓥ⎇ᧄޔᣇ৻
Ⴧߩജ಴ߩߘޔߦ߽ߣߣࠆߓᷫࠍ㧕࠼ࡦ࡜ࠣࠢ࠶ࡃ㧔ജ಴ߩว႐޿ߥ޿ߡࠇ౉ࠍᢱ⹜ߦ⟎ⵝᨆಽ
ߦ㕙⴫ᢱ⹜ޕࠆᓧࠍᐲỚ⚛᳓ߡߞࠃߦߣߎࠆߔᱜᩞߡ޿↪ࠍᢱ⹜Ḱᮡߩ⽼ᏒࠍᲧߩ㊂⾰ᢱ⹜ߣಽ
ࡦ࡜ࠣࠢ࠶ࡃޔࠅߥߦߣߎࠆߔ↢⊒߇⚛᳓ߡߞࠃߦ⸃ಽߩࠄࠇߘޔߣࠆ޿ߡߒ⌕ઃ߇⢽ᴤ߿ಽ᳓
⸃ṁ᷷㜞ޔߪߢⓥ⎇ᧄߚ߹ޕࠆߥߦߣߎ޿ߥ߈ߢቯ᷹ߦᐲ♖㜞ࠍᐲỚ⚛᳓ޔߡߒൻᄌߦ㔀ⶄ߇࠼
 ᢱ⹜ߡߞࠃߦ㒢೙ߩߐ߈ᄢߩㇱ౉ዉᢱ⹜ࠆߌ߅ߦ⟎ⵝᨆಽޔߡ޿߅ߦᨆಽ⚛᳓ߩߢᴺ಴᛽⚛᳓
ࠃ㧕g1 ⚂㧔୯ᅑផߩタ⸥ߦᦠ᣿⺑ᛒขߩ⟎ⵝᨆಽ⚛᳓ߪ㊂⾰ߩߘޔ߇ߚߒߣ g500.0 ⚂ࠍ㊂⾰ߩ
ࠍࠄࠇߎޕࠆ޽߇ᕈ⢻น߻↢ࠍᏅ⺋ߥ߈ᄢߦ୯ቯ᷹ߩᐲỚ⚛᳓ߡߞࠃߦࠇߎޕ޿ߐዊߡ߼ᭂ߽ࠅ
ࠆ޽ߢ 0 ߪᐲỚ⚛᳓ޔߕࠄ߅ߡࠇ߹฽߇⚛᳓ߪߦᢱ⹜⒳ฦ޿ߥ޿ߡߒᭂಽ࠼࡯࠰ࠞޔߣࠆߔᘦ⠨
୯ߩmpp-ssam04㨪31 ߦ߼ߚߩᏅ⺋ቯ᷹ߥ߈ᄢߪߦว႐ߩᴺ಴᛽⚛᳓⸃ṁ᷷㜞ޔߕࠄࠊ߆߆߽ߦ
߅ߦᐲỚ⚛᳓ߚࠇࠄ߼᳞ߡߞࠃߦᴺᨆಽ⚛᳓ߩ㘃⒳㧞ޔࠄ߇ߥߒ߆ߒޕࠆ޽߽ᕈ⢻นߚࠇࠄᓧ߇
ޕ޿ߥߪߢ߆ࠄ᣿ࠈߎߣߩ࿷⃻ߪ࿃ේߩ㆑⋧ࠆߌ
ᴺ㔌⣕᷷᣹ޔᓟߚߒᭂಽ࠼࡯࠰ࠞࠍᢱ⹜࡞ࠤ࠶࠾⚐߮ࠃ߅㋕ᐲ⚐㜞ޔߣᢱ⹜㍑ࠬ࡟ࡦ࠹ࠬ⒳ฦ
ߥ޿ߡߒ␜ߪߦ࿑ޕߔ␜ߦ㧟࿑ࠍ࡞࠻ࠢࡍࠬ㔌⣕᷷᣹ߩ⚛᳓ߚࠇߐቯ᷹ޕߚߒᨆಽ⚛᳓ߡߞࠃߦ
ਛ࿑ޔߣࠆߔセᲧࠍࠄࠇߘߣ࡞࠻ࠢࡍࠬ㔌⣕᷷᣹ߚࠇߐቯ᷹ߢᢱ⹜޿ߥ޿ߡߒᭂಽ࠼࡯࠰ࠞ߇޿
ᢱ⹜ࠄࠇߎߡߞࠃߦᭂಽ࠼࡯࠰ࠞޔࠇࠄ߼⹺߇ࠢ࡯ࡇ಴᡼⚛᳓ߩ߆ߟߊ޿ޔߦ߁ࠃߔ␜ߢශ⍫ߦ
ᄢ᜛ߦะᣇゲ❑ޔ߇޿ߐዊߡ߼ᭂߪࠢ࡯ࡇߩㄭઃ͠043ޔ߅ߥޕࠆ߆ಽ߇ߣߎࠆߔ౉ଚ߇⚛᳓ߦ
ࠢ࡯ࡇ಴᡼⚛᳓ߥ߈ᄢ߽ᦨߦㄭઃ͠08ޔߡ޿߅ߦᢱ⹜ߩߡߴߔޔߚ߹ޕࠆࠇࠄ߼⹺߇࿷ሽߣࠆߔ
Ⓧ㕙ߩࠢ࡯ࡇ಴᡼⚛᳓ޕࠆ޿ߡߒ⃻಴ߦ᷷㜞߽ࠅࠃࠇߘޔߊߐዊߡ߼ᭂߪࠢ࡯ࡇߩઁޔߒ⃻಴߇
ࠇߐ಴᡼ࠄ߆ᢱ⹜ߡߞࠃߦᾲടߩߢ᷷ૐ⊛セᲧߪಽㇱᄢߩ⚛᳓ṁ࿕ޔߢߩࠆߔ଀ᲧߦᐲỚ⚛᳓ߪ
࿕ߩ⚛᳓)2(ޔߣߎࠆߔ౉ଚ߇⚛᳓ߦᢱ⹜ࠄࠇߘߡߞࠃߦᭂಽ࠼࡯࠰ࠞ)1(ޔࠅ߹ߟޕࠆߥߦߣߎࠆ
߆ᢱ⹜ߢ᷷ૐߩㄭઃ᷷ቶޔߢቯ቟ਇ⊛セᲧߪ⚛᳓ṁ࿕ߩಽㇱᄢ)3(ޔߣߎࠆ޽߆ߟߊ޿ߪߦᘒ⁁ṁ
ޕࠆ߆ಽ߇ߣߎࠆࠇߐ಴᡼ࠄ
ᐲỚ⚛᳓ࠄ߆㊂⾰ᢱ⹜ߣⓍ㕙ߩࠢ࡯ࡇ಴᡼⚛᳓ߚࠇࠄ߼⹺ߦ࡞࠻ࠢࡍࠬ㔌⣕᷷᣹ߩߤߥ㧟࿑
วࠍ iNޔߣᢱ⹜࡞ࠤ࠶࠾⚐ޕߔ␜ߦ)b(㧝࿑ࠍᐲỚ⚛᳓ߚࠇߐቯ᷹ߢᢱ⹜ߩ㘃⒳㧥ޕߚߒ಴▚ࠍ
ᄢ߇ᐲỚ⚛᳓ࠆߌ߅ߦᢱ⹜㍑ࠬ࡟ࡦ࠹ࠬ♽࠻ࠗ࠽࠹ࠬ࡯ࠝߩߤߥ613SUS ߻฽ߊᄙߡߒߣ⚛ర㊄
)a(㧝࿑ޔࠍᐲỚ⚛᳓ߚࠇߐቯ᷹ߢᴺ㔌⣕᷷᣹ߡ޿߅ߦᢱ⹜ߚߒᭂಽ࠼࡯࠰ࠞࠄࠇߎޔߚ߹ޕ޿߈
߇ߣߎࠆ޿ߡߞߥߦ୯ߥߐዊޔߣࠆߔセᲧߣ୯ቯ᷹ߩᐲỚ⚛᳓ߩߢᴺ಴᛽⚛᳓⸃ṁ᷷㜞ߚߒ␜ߦ
ㆤᵹ㔚ᭂಽޔߡ߃ടߦ࿃ේߩ㆑⋧ߩᐲỚ⚛᳓ߩߢᢱ⹜޿ߥ޿ߡߒᭂಽޔߡߒߣ࿃ේߩߎޕࠆ߆ಽ
߇㗀ᓇߩ⚛᳓ࠆࠇߐ಴᡼ࠄ߆ᢱ⹜ߦߢ߹ᨆಽ⚛᳓ࠅ߹ߟޔ㆑⋧ߩ㑆ᤨࠆߔⷐߦߢ߹ᨆಽ⚛᳓ᓟᢿ
⚛᳓⸃ṁ᷷㜞ޔ߇ߚߞⴕࠍᨆಽ⚛᳓ߊᣧᚻߌߛࠆ߈ߢᓟᢿㆤᵹ㔚ᭂಽޔߪߢ㛎ታᧄޕࠆࠇࠄ߃⠨
析分素水ので鋼スレンテスたし極分ドーソカ
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᛽಴ᴺߢߪ⚂ 5 ಽޔ᣹᷷⣕㔌ᴺߢߪ⚂ 30 ಽࠍⷐߒߚޕߔߴߡߩ⹜ᢱߦ߅޿ߡޔቶ᷷ߢ⹜ᢱ߆ࠄ
᳓⚛߇᡼಴ߐࠇࠆߎߣߣޔ᣹᷷⣕㔌ᴺߩᣇ߇ಽᨆ߹ߢߩᤨ㑆߇㐳޿ߎߣࠍ⠨ᘦߔࠆߣޔ᣹᷷⣕㔌
ᴺߩᣇ߇⹜ᢱ߆ࠄᄙ㊂ߩ᳓⚛߇᡼಴ߐࠇߚߚ߼ߦዊߐߥ᳓⚛Ớᐲߩ୯ߦߥߞߡ޿ࠆน⢻ᕈ߇޽ࠆޕ
࿑㧝(b)ߦ␜ߒߚࠃ߁ߦޔNi ว㊄㊂ߩᄙ޿⹜ᢱ߶ߤ᣹᷷⣕㔌ᴺߦࠃࠆ᳓⚛Ớᐲ߇ᄢ߈ߊߥߞߡ
޿ࠆࠃ߁ߦ⷗߃ࠆޕߘߎߢޔߘߩ᳓⚛Ớᐲߣว㊄⚵ᚑߩ㑐ଥࠍ⺞ߴߚޕ᳓⚛Ớᐲߣ Cr Ớᐲ߅ࠃ
߮ NiỚᐲߣߩ㑐ଥࠍ࿑㧞ߦ␜ߔޕ㜞᷷ṁ⸃᳓⚛᛽಴ᴺߩ႐วߣห᭽ߦޔCr Ớᐲߣߩ᣿⍎ߥ㑐ଥ
ߪ⹺߼ࠄࠇߥ޿߇ޔNi ỚᐲߩჇടߣߣ߽ߦ᳓⚛Ớᐲ߇Ⴧടߒߡ޿ࠆࠃ߁ߦ⷗߃ࠆޕ߹ߚޔߎߩታ
㛎⚿ᨐߪޔ⇣ߥࠆ᳓⚛ಽᨆᴺߢ᳞߼ࠄࠇߚ᳓⚛Ớᐲߩቯ㊂⊛Ყセߪ࿎㔍ߢ޽ߞߡ߽ޔ᳓⚛ಽᨆᴺ
߇หߓߢ޽ࠇ߫ޔ᳓⚛Ớᐲߩ⋧ኻ⊛Ყセ߇ߢ߈ࠆߎߣࠍ␜ໂߔࠆޕ
࿕ṁ᳓⚛ߩ࿕ṁ⁁ᘒߣว㊄ర⚛㧔Ni㧕ߩ㑐ଥࠍ⺞ߴࠆߚ߼ߦޔ࿑㧟ߥߤߩ᣹᷷⣕㔌ࠬࡍࠢ࠻࡞
ߦ⹺߼ࠄࠇߚ᳓⚛᡼಴ࡇ࡯ࠢߩࡇ࡯᷷ࠢᐲߣ Ni Ớᐲߩ㑐ଥࠍ⺞ߴߚޕ࿑㧠ߦ␜ߔࠃ߁ߦޔ⚂ 80͠
ߦࡇ࡯᷷ࠢᐲࠍ᦭ߔࠆ᳓⚛᡼಴ࡇ࡯ࠢߪ Ni Ớᐲߦ㑐ࠊࠄߕ಴⃻ߔࠆ߇ޔ⚂ 340͠ߩ᳓⚛᡼಴ࡇ
࡯ࠢߪว㊄ర⚛ߣߒߡ Ni ࠍ฽߹ߥ޿ SUS430 ࠬ࠹ࡦ࡟ࠬ㍑⹜ᢱߢߪ಴⃻ߖߕޔ೨ႎ(14)ߢㅀߴߚ
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࿑㧟 ࠞ࠰࡯࠼ಽᭂߒߚฦ⒳ࠬ࠹ࡦ࡟ࠬ㍑ޔ㜞⚐ᐲ㋕ޔ⚐࠾࠶ࠤ࡞⹜ᢱ
ߦ߅޿ߡ᷹ቯߐࠇߚ᳓⚛ߩ᣹᷷⣕㔌ࠬࡍࠢ࠻࡞
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ᢱ⹜࡞ࠤ࠶࠾⚐ޔ㋕ᐲ⚐㜞ޔ㍑ࠬ࡟ࡦ࠹ࠬ⒳ฦߚߒᭂಽ࠼࡯࠰ࠞ 㧠࿑
಴᡼⚛᳓ߚࠇࠄ߼⹺ߦ࡞࠻ࠢࡍࠬ㔌⣕᷷᣹ߩ⚛᳓ߚࠇߐቯ᷹ߡ޿߅ߦ
ᐲ᷷ࠢ࡯ࡇߩࠢ࡯ࡇ
ሶේ㊄ว iNޔ⚛᳓ߚࠇߐࡊ࠶࡜࠻ߦ૏ォޔ⚛᳓ṁ࿕ሶᩰߩਛ⋧࠻ࠗࠨࡦ࠹࡞ࡑ⿠⺃⚛᳓ޔߦ߁ࠃ
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